Sleep consolidates newly encoded memories, particularly those memories that are relevant for future behaviour. This study explored whether sleep facilitates the successful execution of relatively complex plans in the future. We applied the Dresden Breakfast Task, in which subjects are instructed to prepare a virtual breakfast comprising several tasks (e.g. table-setting, preparing eggs). After forming a detailed plan how to realize these tasks, the sleep group (n = 17) spent a night of sleep at home, monitored by polysomnography, and the wake group (n = 19) spent a normal day awake, monitored by actigraphy. After a 12-h interval, all participants were asked to prepare the virtual breakfast. Contrary to our hypothesis, overall performance in breakfast preparation did not differ significantly between the sleep and wake groups. However, sleep participants performed better in one of six tasks, specifically the 'tablesetting' task (P < 0.01), which was driven by higher scores in a subtask measuring the correct position of the tableware (P < 0.01). Additional exploratory analyses revealed that a significant number of wake participants performed below the minimal score of the sleep group (P < 0.01) and sleep participants achieved the maximal score in significantly more subtasks than wake participants (57% versus 27%; P = 0.018). Plan adherence, assessing how well participants adhered to their own previously developed plan, did not differ between the sleep and wake groups. These findings provide the first evidence that sleep may support some aspects of the realization of complex, somewhat naturalistic plans.
. A recent study tested the effect of normal undisturbed sleep on the implementation of a relatively simple plan. Participants who had slept after plan instruction realized the plan twice as often as wake participants after a delay of 2 days (Diekelmann et al., 2013a) . This effect was selective for subjects who obtained high amounts of slow wave sleep (SWS) during the night and was not evident in subjects who had high amounts of rapid eye movement (REM) sleep. In two similar studies, participants who were instructed to detect specific words in an ongoing task realized their planned actions more successfully (i.e. detected more words correctly) if they were allowed to sleep after the instruction than participants who stayed awake (Diekelmann et al., 2013b; Scullin and McDaniel, 2010) .
Together, these studies indicate that sleep is beneficial for the realization of simple plans. However, it remains unclear whether sleep similarly supports the realization of more complex everyday plans. Real-life planning often incorporates several complex intentions, with different overlapping subintentions and sometimes one intention being nested in the realization of another. When preparing breakfast, for example, one may start by turning on the kettle to prepare water for the tea, then one may start boiling eggs and have to remember to take them out after about 7 min, while in the meantime one may set the table, etc.
In the present study, we applied a complex and somewhat naturalistic planning task-the Dresden Breakfast Task (Altgassen et al., 2014) , which requires participants to plan and prepare a virtual breakfast in a predefined way. We expected better breakfast preparation performance if participants were allowed to sleep after encoding of the plan compared to participants who stayed awake.
METHODS

Participants
A total of 38 young and healthy participants [25 females, mean age AE standard deviation (SD): 24.34 AE 2.59] took part in the experiment. To exclude gender as a possible confounding factor, participants were allocated to the sleep or wake group based on a covariate adaptive randomization strategy (Suresh, 2011) , ensuring approximately equal distribution of female and male participants across groups. Two participants (one from each group) were excluded from the final analyses because they did not adhere to the experimental instructions and talked to their room-mates about the task after encoding (note that all results remain the same when these participants are included in the analyses). Final analyses were based on data from 36 participants (sleep: n = 17, 10 females, mean age AE SD: 24.35 AE 2.81 years; wake: n = 19, 13 females, mean age AE SD: 24.05 AE 2.35). All participants reported regular sleep-wake cycles (≥ 6 h sleep per night, within the time window 11:00-6:00 hours), no shift work for at least 6 weeks prior to the experiment and no regular night shifts in the past. During the experiment, subjects were instructed not to take any examinations and to refrain from other stressful activities. Subjects reported no history of any neurological, psychiatric or endocrine disorder and did not take any medication except for hormonal contraception and thyroid hormones during the time of the experiment. Consumption of caffeine and alcohol was not allowed during the experimental period. All subjects gave written informed consent and were paid for participation. The study was approved by the local ethics committee of the Medical Faculty of the University of T€ ubingen, Germany.
Design and procedure
In a between-subject design, encoding of the plan took place in the evening for the sleep group (21:30 hours AE 1 h) and in the morning for the wake group (09:30 hours AE 1 h; Fig. 1a ). For the plan encoding session, all participants reported to the laboratory to perform the Dresden Breakfast Task (see below for task description). After the encoding session, in the sleep group the electrodes for portable polysomnographic recordings were attached to the subject's head, and subjects in the wake group were equipped with an actigraphy device (Actiwatch 2; Philips Respironics, Amsterdam, the Netherlands), which was attached to their non-dominant wrist. All subjects then left the laboratory and had either an 8-h period of normal sleep at home (sleep group) or went about their daily activities (wake group). After a retention interval of 12 h, all participants returned to the laboratory and were tested for plan realization in the Dresden Breakfast Task (at 09:30 hours and 21:30 hours for the sleep and wake groups, respectively).
Dresden Breakfast Task
The Dresden Breakfast Task is a complex naturalistic memory task with a strong planning component (Altgassen et al., 2014 (Altgassen et al., , 2015 . The task version that was applied in the present study was identical to the version developed by Altgassen et al. (2014) , including the same virtual layout, the same breakfast preparation tasks and subtasks and the same instructions; however, here we report slightly adapted performance measures according to our research questions (see below).
In the Dresden Breakfast Task, participants are asked to prepare a virtual breakfast for four people within 7 min (Fig. 1b) . Breakfast preparation consists of six predefined tasks: (1) table-setting, (2) placing food, (3) preparing eggs, (4) preparing bread, (5) preparing tea and (6) placing butter on the table. These six tasks differ in complexity and the number of subtasks needed to complete the task (Table 1) . For example, in order to complete the 'table-setting' task, participants are required to perform eight subtasks, for which they receive a maximum of 49 points: placing four plates (4 points), four cups (4 points), four saucers (4 points), four glasses (4 points), four knives (4 points), four spoons (4 points) and the tablecloth (1 point) on the table, and ª 2018 European Sleep Research Society additionally all the pieces of the tableware have to be placed in the correct position (24 points). Accordingly, participants can miss points if they do not place all pieces of the tableware and cutlery on the table (e.g. only 3 points for three plates in the 'plates subtask') or if they place all the items on the table but not in the correct position (e.g. 0 points for the 'correct positions' subtask if none of the tableware and cutlery is in its correct location). The scores for each of the six tasks are obtained by adding the scores of the respective subtasks (e.g. 49 points for 'table-setting'). Overall performance is measured as the sum of all completed subtasks (max. 90 points, see Table 1 ). In the instruction for participants some tasks were prioritized over others, as in Altgassen et al. (2014) , e.g. having the table ready when the guests arrive, having the tea and eggs just ready before the guests arrive, as well as following rules according to common sense (e.g. laying the tablecloth first, then placing the tableware).
During the plan encoding session, participants were introduced to the six tasks and their subtasks and were told that they would have to complete them within 7 min. After the introduction to the task, they were familiarized with the functions of the computer program. In the following 10-min planning phase, participants had to elaborate on how exactly they were planning to realize all the tasks. Participants wrote down their plan and also verbalized it for digital recording. During the plan realization session, participants were asked to prepare the breakfast. In addition to the scores for the six tasks, the single subtasks and the overall performance score, we also assessed the overall number of actions participants carried out (i.e. the number of automatically recorded mouse clicks). The number of mouse clicks in relation to performance in the plan realization session can be considered a measure of plan efficiency, as each single movement in the task environment counts as a mouse click and, arguably, participants with a well-developed plan need less going back and forth between rooms as well as less repositioning of pieces (see Fig. 1b ). Moreover, plan adherence was assessed by two independent raters as the correspondence Figure 1 . Experimental design and layout of the Dresden Breakfast Task. (a) Sleep and wake participants encoded a detailed plan of how to prepare breakfast in the evening or morning, respectively. The plan encoding session was followed by an interval of 12 h consisting either of a whole night of~8 h of sleep (sleep group) or a normal day of wakefulness (wake group). Participants had to prepare the virtual breakfast during the plan realization session. (b) In the Dresden Breakfast Task, participants are asked to set the table within 7 min with the help of a tray and by switching back and forth from the kitchen display to the dining room display. The 'kitchen' (left) contains tableware, tablecloth, food and tools for preparing tea and cooking eggs, as well as a tray for moving the items to the table. The table that is to be laid is located in the 'dining room' (middle). The optimal 'final table layout' for four people according to the task specifications is shown on the right. Whenever participants click on the blue field located in the dining room, the virtual time appears. Performance on the six tasks is indicated as means AE standard error of the mean for the sleep and wake groups, respectively. Maximal score: the highest possible score of each task, no. of subtasks: the number of subtasks that each task comprises. P-values; **P < 0.01, based on group comparisons by Mann-Whitney U-tests. Note that the effect in 'table-setting' remains significant after Bonferroni correction for six comparisons.
ª 2018 European Sleep Research Society (in %) between the individual plan that participants developed in the plan encoding session and their actual course of action in the plan realization session (inter-rater reliability: r = 0.86, P < 0.001).
Control tasks
Before plan encoding as well as after plan realization, a 5-min vigilance task (Diekelmann et al., 2013b) , measuring reaction times (in ms) and error rates (in %) and the Stanford Sleepiness Scale (Hoddes et al., 1973) were applied to control for general alertness. The polysomnography setup for sleep subjects included electroencephalography (EEG, at positions C3 and C4), electromyography (EMG, at the chin) and electro-oculography (EOG, below and above the eyes). Recordings were scored visually offline according to standard criteria (Rechtschaffen and Kales, 1986) . One sleep data set could not be analysed formally due to artefacts in the EMG channel, but EEG and EOG quality sufficed to confirm sufficient sleep, therefore this subject was not excluded from analyses of the Dresden Breakfast Task. Wake participants were monitored by actigraphy during the retention interval and were asked to report their daytime activities in a questionnaire, in order to exclude that subjects slept during the day. One actigraphy data set could not be analysed due to technical failure, but the questionnaire report did not hint at any sleep episodes.
Statistical analysis
Performance in the Dresden Breakfast Task during the plan realization session was analysed using Mann-Whitney U-tests because data were not distributed normally (for overall performance, the six tasks and their subtasks, as well as for mouse clicks). Plan adherence was analysed using t-tests, given that these data were distributed normally. Mean (M) AE standard error of the mean (SEM) as well as the median (Md) are reported, due to skewness of the data. In order to account for this skewness, we compared the variances of the sleep and wake groups for overall performance, and in an exploratory analysis tested how many participants of the wake group performed below the minimum score of the sleep group using a chi-square test. Additionally, we counted the number of subtasks in which all sleep participants versus all wake participants achieved the highest possible score, and compared groups using a chi-square test. Correlations were calculated as Pearson's product-moment correlations (r), or Spearman's rank correlation coefficient (r s ) when assumptions of normal distribution were not met.
For analysis of vigilance and subjective sleepiness, we applied a mixed analysis of variance (ANOVA) with 'sleep/ wake' as between-subject factor and 'plan encoding/ realization' as within-subject factor, as well as nonparametric post-hoc comparisons (as normal distribution was not given). Because groups differed in sleepiness during the plan realization session, a bootstrapped hierarchical regression analysis tested whether sleepiness predicted the observed differences between the sleep and wake groups (applying a bias-corrected and accelerated method). To test for time-of-day effects, we computed a mixed ANOVA with the between-subject factor 'sleep/wake' and the within-subject factor 'morning/evening' for sleepiness and vigilance. The level of significance was set to P = 0.05 and was Bonferroni-corrected for multiple testing, resulting in a level of significance of P = 0.05/6 = 0.008 for the six single tasks of the Dresden Breakfast Task, P = 0.05/8 = 0.006 for the eight subtasks of 'table-setting', P = 0.05/2 = 0.025 for the number of wake participants scoring below the minimum of sleep participants, as well as the percentage of subtasks with maximal score by the whole group, and P = 0.05/12 = 0.004 for the correlations of performance measures (overall performance, 'tablesetting', 'correct positions', plan adherence) with sleep measures (min in sleep stage 2 (S2), SWS, REM). All statistical analyses were run using IBM SPSS version 21.
RESULTS
Dresden Breakfast Task
Contrary to our hypothesis, the sleep and wake groups did not differ significantly in the main measure of breakfast preparation. Although, on a descriptive level, participants performed slightly better if they had slept after planning compared to participants who had stayed awake, the difference between groups did not reach significance in the overall performance measure (sleep: M = 81.53 AE 0.94, Md = 81.00; wake: M = 76.89 AE 2.44, Md = 79.00; U = 111.50, Z = -1.59, P = 0.11, Fig. 2a ). When looking more closely into performance of the single tasks and subtasks, a difference in the 'table-setting' task was evident, showing that sleep participants (M = 48.00 AE 0.45, Md = 49.00) performed significantly better than wake participants (M = 43.05 AE 1.39, Md = 45.00; U = 65.00, Z = -3.19, P = 0.001; Fig. 2b ). Better performance of sleep participants in the 'table-setting' task was driven primarily by the 'correct positions' subtask, a score measuring to what extent the single sets of plates, cutlery, glasses and cups were placed at the correct position on the table (sleep: M = 23.35 AE 0.32, Md = 24.00; wake: M = 19.63 AE 0.93, Md = 20.00; U = 62.00, Z = À3.38, P < 0.001; Fig. 2c ). Sleep participants also tended to perform better than wake participants in the 'placing food' task, although this difference failed to reach significance (sleep: M = 11.88 AE 0.12, Md = 12.00; wake: M = 11.32 AE 0.25, Md = 12.00; U = 119.50, Z = À1.93, P = 0.08). In all other tasks, participants of the sleep and wake groups performed comparably well (all P > 0.25; Table 1) .
Interestingly, overall performance in both the sleep and the wake groups was very good, with almost all subjects scoring in the highest quartile of the scale (Fig. 3a) . Despite this ª 2018 European Sleep Research Society ceiling effect, variances in the sleep and wake group differed significantly (F (1,34) = 6.27, P = 0.017). We ran an additional exploratory analysis to examine this difference in variances more closely. This analysis revealed that a significant number of participants in the wake group (n = 8) scored below the minimum score of the sleep group (v² = 9.20, df = 1, P = 0.002; Fig. 3a) . Moreover, all sleep participants achieved the maximum score in 57% (17 subtasks) of all 30 subtasks, whereas all wake participants reached the maximal score in only 27% of subtasks (eight subtasks) (v² = 5.55, df = 1, P = 0.018; Fig. 3b ). As one participant scored extremely low in the wake group, we excluded this outlier for a more conservative analysis. All significant results, as mentioned above, remained significant after exclusion of the outlier, except for the number of sleep participants achieving the maximal score in more subtasks than wake participants (P = 0.20 after outlier exclusion; see Supporting information, Table S1 for comparison with and without the outlier for all measures).
Importantly, sleep and wake participants did not differ in the overall number of actions, measured by the number of mouse clicks within the 7-min breakfast preparation time (sleep: M = 639.35 AE 18.09, Md = 630.00, wake: M = 645.74 AE 18.38, Md = 632.00; U = 152.00, Z = À0.30, P = 0.76). Finally, sleep and wake participants did not differ in the extent to which they realized their own plans, which they had developed during the plan encoding session. Sleep and wake participants realized on average 52 AE 2% and 54 AE 5% of their plans, respectively (plan adherence: t (24.70) = 0.31, P = 0 .76) (Fig. 2d) . Sleep participants outperformed wake participants in one of six tasks, i.e. the task 'table-setting' (max. 49 points) (note that the effect remains significant after Bonferroni correction for six comparisons). (c) The difference in 'table-setting' was based mainly on sleep participants showing better performance in the subtask 'correct positions', one of eight subtasks of the task 'table-setting', measuring how well the tableware was placed in the correct position on the table (max. 24 points) (note that the effect remains significant after Bonferroni correction for eight comparisons). (d) Sleep and wake groups were comparable in how well they adhered to their own previously developed plan during plan realization (in %). Means and standard errors of the means (SEM) are displayed. NS: not significant; **P < 0.01; ***P < 0.001. 
Sleep data and control tasks
Sleep participants slept on average 465.5 AE 11.7 min. They spent on average 24.8 AE 6.8 min in wake, 21.7 AE 1.4 min in stage 1, 238.1 AE 9.2 min in stage 2, 69.8 AE 4.0 min in SWS (i.e. the sum of stages 3 and 4) and 103.7 AE 6.2 min in REM sleep. The first epoch of SWS occurred on average after 15.6 AE 1.4 min and the first epoch of REM sleep occurred on average after 98.7 AE 10.8 min. None of the measures of the Dresden Breakfast Task correlated significantly with any of the sleep variables after correction for multiple comparisons. We ensured that none of the wake subjects slept during the day using actigraphy recordings and daytime activity reports.
The wake participants during plan encoding (sleep: M = 2.77 AE 0.21, wake: M = 2.37 AE 0.14; U = 128.00, Z = À1.18, P = 0.25), but sleep participants felt subjectively more alert than wake participants during plan realization (sleep: M = 1.94 AE 0.16, wake: M = 2.58 AE 0.19; U = 96.00, Z = À2.27, P = 0.025; interaction 'plan encoding/realization' 9 'sleep/wake': F (1,34) = 9.16, P = 0.005; main effects: P > 0.08). Importantly, sleepiness scores during plan realization did not correlate with performance on the Dresden Breakfast Task (for overall performance, 'tablesetting', 'correct positions' and plan adherence), neither in wake participants nor in sleep participants (all P > 0.06). Subjective sleepiness also did not add substantially to explain group differences in 'table-setting' (change in R² = 0.03, P = 0.23) and 'correct positions' (change in R² = 0.72, P = 0.06) in a hierarchical regression analysis. Although sleepiness predicted performance significantly in the subtask 'correct positions' in a group + sleepiness model (b group + sleepiness model = 1.30, P = 0.041), sleepiness did not diminish the influence of group (b group-only model = 3.72, P = 0.005, b group + sleepiness model = 4.55, P = 0.003) (for all results see Supporting information, Tables S2 and S3). With regard to time of day, subjective sleepiness was generally lower in morning sessions compared to evening sessions, irrespective of group assignment (main effect 'time-of-day': P = 0.005, interaction 'time-of-day' 9 'sleep/wake': P > 0.08). Such a time-of-day difference was not evident in objective reaction times and in error rates in the vigilance task (all P > 0.57).
DI SCUSSION
This study asked whether sleep supports the realization of a complex plan in a naturalistic everyday setting. We expected that participants would execute their plan to prepare a virtual breakfast according to predefined task specifications more successfully if they had slept after planning breakfast preparation in comparison to those who stayed awake after planning. Contrary to our hypothesis, sleep participants were not superior to wake participants in overall performance of breakfast preparation. However, in line with our hypothesis, sleep participants outperformed wake participants in one of six tasks ('table-setting'), which was based on better performance of the sleep group in one of eight subtasks ('correct positions'), indicating that sleep may support some aspects of complex plan execution. Conversely, plan adherence was comparable after sleep and wakefulness, suggesting that sleep participants did not adhere to their previously developed plans more closely than wake participants.
The primary finding that sleep and wake participants did not differ in overall performance of breakfast preparation contradicts previous evidence showing that future-relevant memory is consolidated preferentially during sleep (Diekelmann et al., 2013a,b; Fischer and Born, 2009; Scullin and McDaniel, 2010; Van Dongen et al., 2012) . It is surprising that, although sleep has been shown to benefit futuredirected memory in relatively simple laboratory tasks, it does not seem to enhance overall performance in a naturalistic version of a rather complex everyday planning task. We suggest two possible explanations for this finding. First, complex plans may not be as sensitive to sleep-dependent consolidation processes as more simple plans and intentions. So far, only memories for somewhat simple plans and intentions have been reported to benefit from sleep, such as detecting single cue words in an ongoing task or reminding the experimenter of a previously instructed task (Diekelmann et al., 2013a,b; Fischer and Born, 2009; Scullin and McDaniel, 2010; Van Dongen et al., 2012) . It is possible that more complex plans require additional processes and abilities, such as executive functions (Dehaene and Changeux, 1997; Tanji and Hoshi, 2008) , that are not or to a lesser extent dependent on sleep and/or can be compensated for (Harrison and Horne, 2000) . A second possible explanation relates to the characteristics of the Dresden Breakfast Task applied in the present study. This task was developed originally for clinical studies in older people and patients with autism spectrum disorders (Altgassen et al., 2012 (Altgassen et al., , 2014 . Accordingly, the task may have been too easy for the healthy young subjects in the present study, a speculation that is supported by our observation of a ceiling effect in overall performance as well as in most of the single tasks and subtasks. This ceiling effect may have prevented the detection of smaller effects of sleep on the consolidation of complex plans. Future studies should apply tasks that allow for more finely grained performance measures in healthy young individuals in larger samples.
Despite this ceiling effect and the non-significant group difference in overall performance, sleep participants realized breakfast preparation more successfully than wake participants on some submeasures of overall performance. Sleep participants showed better performance in laying the table, especially in adhering to the correct placement of plates, ª 2018 European Sleep Research Society cups, glasses and cutlery. It can be speculated that sleep consolidated the memory specifically for the correct layout of the table, which is in line with studies showing sleepdependent consolidation of picture-location associations (Rasch et al., 2007; Van Dongen et al., 2012) . In addition to better table-setting performance, exploratory analyses showed that sleep participants completed more subtasks to perfection than wake participants, and a significant number of wake participants scored below the lowest performance of the sleep participants. Together, these observations provide the first hints that sleep may support the execution of complex real life-like plans in at least some more exploratory performance measures. Importantly, the better performance of sleep participants in these measures was achieved with a comparable number of actions (mouse clicks) carried out, excluding that sleep subjects were simply more active during plan execution. The finding that the sleep group achieved better results than the wake group, despite the same number of actions within a limited amount of time, suggests that the sleep group acted more efficiently and possibly also in a more goal-orientated manner to realize their plans. This speculation is supported further by the finding that the sleep and wake groups showed comparable plan adherence. Both groups seemed to have remembered and adhered to their own previously developed plan equally well, but sleep participants still showed superior plan realization in some measures. It can be speculated that sleep does not simply strengthen the memory traces for single pieces of information (e.g. the exact plan), but rather acts on a higher level of organization by structuring the large number of single steps of the action plan and shaping it for more efficient execution. This idea is corroborated by previous findings indicating that sleep can reorganize newly encoded memories (Landmann et al., 2014) , such that the extraction of gist is facilitated (Lutz et al., 2017) , relational inferences can be drawn (Ellenbogen et al., 2007) and even complex problems are more likely to be solved (Beijamini et al., 2014; Sio et al., 2013) . Interestingly, the mental simulation of future scenarios, which is an essential component of planning complex behaviours, activates hippocampal and prefrontal cortical areas (Andrews-Hanna et al., 2014; Schacter et al., 2012) , among others, which are regarded as key candidate brain areas involved in the reorganization of information during sleep. This reorganization is assumed to originate from repeated neural reactivations of newly encoded information in hippocampal-neocortical circuits, which strengthens and integrates relevant memories into pre-existing networks (Landmann et al., 2014) , possibly in combination with a down-selection process that reduces overall synaptic weight by weakening irrelevant connections (Tononi and Cirelli, 2014) .
Some caveats should be considered when interpreting our findings. Sleep participants reported less subjective sleepiness during plan realization than wake participants, which might have affected their performance levels. Although we cannot fully exclude this possibility, we consider it unlikely as both groups did not differ in objective alertness measures in the vigilance task as well as in the overall number of performed actions (i.e. mouse clicks) during the breakfast preparation task. Moreover, subjective sleepiness ratings were not associated with any of the performance measures in the breakfast preparation task and did not provide incremental prediction of group differences in breakfast preparation. Another possible caveat relates to circadian factors. Sleep and wake participants performed the breakfast task at different circadian times, which might have influenced encoding and/or execution of the plan (Schmidt et al., 2007) . Speaking against this possibility is evidence indicating that prospective memory performance in young subjects is better during peak performance time (i.e. during evening hours) (Rothen and Meier, 2017) . In the present study, sleep subjects did not show impaired performance in the morning (i.e. during low performance time at plan realization), but performed equally well or even better than participants in the evening, suggesting that circadian factors are unlikely to have affected plan realization as a strong confounding factor. Moreover, previous studies comparing 12-h intervals of nocturnal sleep and diurnal wakefulness have shown that sleep-dependent memory consolidation is not affected by circadian variations (Payne et al., 2008; Wagner et al., 2004) . Conversely, participants were less sleepy in the morning than in the evening, irrespective of group assignment. Lower sleepiness in the morning might have eased plan encoding in wake participants and plan realization in sleep participants. However, as the effect of sleepiness on encoding and realization of the plans cannot be disentangled in the present study and we did not assess circadian typology, these questions will need to be addressed systematically in future studies. Another caveat relates to the fact that breakfast preparation per se is a typical morning activity; performing this task in the morning might have eased plan execution in the sleep group. Cultural differences in breakfast traditions as well as individual breakfast habits and automatic behaviours might further affect performance on the Dresden Breakfast Task. Future studies should test these possibilities and directly assess measures of participants' typical breakfast behaviours.
Our finding of a beneficial effect of sleep on some aspects of complex everyday plan realization may have important implications for clinical applications. Failures in the realization of plans are a common complaint in a number of disorders, such as mild cognitive impairment (MCI), Alzheimer's disease and Parkinson's disease (Ramanan and Kumar, 2013; Van den Berg et al., 2012) , with these diseases also being characterized by pronounced sleep disturbances (Mander et al., 2016; Suzuki et al., 2015) . The present findings may stimulate further research into this question, leading potentially to the development of novel sleep interventions to treat these symptoms as well as to counter planning impairments at early stages of the diseases to prevent the progression of memory decline and to retain patients' everyday life functioning for as long as possible. 
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